Selective mono-fluorination of 1,2-and 1,3-diols was achieved using N,N-diethyl-4-methoxybenzamide diethyl acetal and Et 3 N-3HF. The reaction proceeds through a cyclic acetal of the benzamide, and only one hydroxy group was fluorinated and another one was acylated.
Introduction
Recently, we succeeded in the selective mono-fluorination of 1,2-and 1,3-diols using N,N-diethyl-α,α-difluoro-4-methylbenzylamine (DFMBA), and a cyclic acetal of the benzamide was expected to be formed as an intermediate from DFMBA and the diol [1] . In this paper, we prepared the cyclic amide acetals from amide diethyl acetals and diols, and converted them to the mono-fluorination products by Et 3 N-3HF.
Result and discussion
The cyclic acetal of N,N-diethyl-3-methylbenzamide (1a), which is an expected intermediate in the reaction of ethylene glycol with DFMBA [1] , was prepared by transacetalization from N,N-diethyl-3-methylbenzamide diethyl acetal and ethylene glycol [2] , and was applied to the fluorination without isolation. When the reaction of 1a with Et 3 N-3HF was carried out at 140 °C for 30 min, 2-fluoroethyl 3-methylbenzoate (2a), which is the same product as in the reaction of ethylene glycol with DFMBA [1] , was obtained in 66% yield. Similarly, the cyclic acetal of N,N-diethylbenzamide (1b),
N,N-diethyl-4-chlorobenzamide (1c), and N,N-diethyl-4-methoxybenzamide (1d) were
prepared from the corresponding bezamide diethyl acetal and ethylene glycol, and used for the fluorination reaction under the same conditions. Among them, 1d gave the best result and 2-fluoroethyl 4-methoxybenzoate (2d) was obtained in 80% yield (Table 1) .
From the cyclic acetals of DMF and DMA, the corresponding fluorination products could not be obtained under the same conditions. 2c ( 4-Cl ) 57 2d 80 Table 1 Fluorination of ethylene glycol using benzamide diethyl acetals a a Transacetalization was carried out using 1.1 eq of acetal under reduced pressure at 50°C for 1h. Fluorination was carried out at 140 °C for 30 min using 2 eq of Et 3 N-3HF. b Isolated yield based on ethylene glycohol .
The cyclic acetal intermediate 1d is isolable by distillation after the transacetalization, and from the isolated 1d, 2d could be obtained in 83 % yield by the reaction with Et 3 N-3HF at 140 ºC for 30 min. These results showed that the reaction proceeds through the cyclic acetal intermediate 1 as expected. The reaction from 1 to 2 must be proceeding as follows: Elimination of diethylamine from 1 took place to give a dioxolenium intermediate [3] , and subsequent fluoride attack, generated from DFMBA or Et 3 N-3HF, on the dioxolenium intermediate gave the fluoroethyl benzoate 2 (Scheme 1).
In order to optimize the reaction conditions, the fluorination reaction of 1d was carried out under various conditions. Lower temperature (120 °C) or shorter reaction time (10 min) caused the decrease of the yield. On the other hand, higher temperature (160 °C) or longer reaction time (1 h) could not improve the result. We also applied various fluoride sources such as KF, TBAF, Et 3 N-2HF, and Et 3 N-4HF, but the results could not be improved. The present method was applied to the reaction with various 1,2-and 1,3-diols (Table 2) . The reaction of 1,3-diols is sluggish and higher temperature (160 ºC) was required to complete the reaction (Entries 6 and 7). Recently, we found that the reaction of β-amino alcohols with DFMBA also proceeds through the similar cyclic intermediate to give fluoroalkylamides [7] . The reaction of N-phenyl- 2-aminoethanol and N-phenyl-1-amino-2-octanol with the benzamide diethyl acetal and Et 3 N-3HF
proceeded as in the case of DFMBA and N-acylated 2-fluoroethylamine (10) and 2-fluorooctylamine (11) were obtained, respectively (Entries 8 and 9). 
Experimental

General methods
The melting points were measured with a Yanagimoto micro melting-point apparatus and uncorrected. The IR spectra were recorded using a JASCO FT/IR-410. Polarimeter. Dichlorotetrabutyldistannoxane was prepared according to the literature [9] . A 30 ml-Teflon FEP centrifuge tube with screw cup was obtained from Flon Industry and used as a reaction vessel in fluorination reaction.
Preparation of N,N-diethyl-4-methoxybenzamide diethyl acetal
To a 300 ml three-necked glass flask equipped with mechanical stirrer, a reflux 252.1162 found 252.1162. 338.2262. 
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